S arcoidosis is an idiopathic multisystem disease characterized by chronic granulomatous inflammation of the lungs, skin, and other internal organs. Up to 15% of patients with sarcoidosis have neurologic involvement, known as neurosarcoidosis. Although neurosarcoidosis is most often seen in the setting of systemic sarcoidosis, it may occur with isolated neurologic involvement. 1 Any part of the nervous system can be involved, but cranial neuropathies, meningeal disease, spinal cord lesions, and parenchymal brain lesions are the most common manifestations. 2 Neurosarcoidosis mimics numerous other neurologic diseases, making diagnosis particularly challenging. 3 A tissue-based diagnosis is critical in order to direct treatment and clarify prognosis. A definite diagnosis of neurosarcoidosis requires biopsy of affected neural tissue with pathologic evidence of non-necrotizing granulomatous inflammation. Because of the inherent risk of the procedure and occasional eloquent location of the pathology, biopsy of extraneural tissue is often preferred. 1, 2 Ocular involvement has been described in up to 30% of confirmed cases of neurosarcoidosis, 4 and ophthalmologic evaluation is often performed in patients with suspected neurosarcoidosis. Conjunctival biopsy has been proposed as a safe, inexpensive, and effective method for diagnosing ocular sarcoidosis. 5, 6 A prior Mayo Clinic series showed that 38% (10 of 26) of patients with known neurosarcoidosis had a positive conjunctival biopsy diagnostic for ocular sarcoidosis despite minimal or no ocular findings prior to biopsy. 7 This procedure is often performed in patients with presumed inflammatory nervous system pathology to determine whether neurosarcoidosis is a likely cause. We performed a retrospective chart review of patients who underwent conjunctival biopsy for evaluation of inflammatory nervous system disease possibly due to neurosarcoidosis to determine the diagnostic utility of the procedure in this setting.
METHODS
A retrospective chart review was performed for all patients with presumed inflammatory neurologic disease of uncertain etiology who underwent conjunctival biopsy to evaluate for the possibility of neurosarcoidosis. In attempting to ensure complete ascertainment, Mayo Clinic's ophthalmologic, surgical, and clinical pathology databases as well as the electronic medical record between January 1, 1997 and February 14, 2013 were searched for: (1) surgical procedural reports of conjunctival biopsy, (2) pathology reports of specimens containing conjunctival tissue, and (3) neurology clinical notes mentioning conjunctival biopsy.
Patients were included if they underwent conjunctival biopsy to evaluate for the possibility of neurosarcoidosis (figure 1). Patients were excluded if there was no mention of concern for neurosarcoidosis in either the neurology notes or the surgical indication for the conjunctival biopsy. A total of 445 patient records were reviewed. Five patients were discovered to have had conjunctival biopsy for indications other than neurosarcoidosis and were excluded (metabolic disorders 2, primary acquired melanosis 1, conjunctival melanoma 1, and conjunctival lymphoma 1). A total of 440 patients met final inclusion criteria. Demographic data including age, race, sex, and ethnicity were documented. Presenting neurologic symptoms, prior history of systemic sarcoidosis, presence of cranial nerve abnormalities, conjunctival lesions, and corticosteroid or other immunosuppressive medication use within 1 week prior to biopsy were documented. The conjunctival biopsy operative report and pathology report were reviewed for each patient, and mention of ophthalmologic findings was noted. The pathology report was reviewed and results were classified as normal, abnormal with non-necrotizing granulomatous inflammation consistent with conjunctival sarcoidosis, or abnormal with nonspecific changes or diagnoses inconsistent with conjunctival sarcoidosis.
The final diagnosis was determined by review of the neurologic clinical notes documented at last follow-up. Neurosarcoidosis was defined as definite, probable, or possible neurosarcoidosis based on the following criteria adapted from Zajicek et al. 8 Definite neurosarcoidosis: clinical presentation suggestive of neurosarcoidosis with positive nervous system pathology and exclusion of other possible diagnoses. Probable neurosarcoidosis: clinical presentation suggestive of neurosarcoidosis with laboratory or imaging support for nervous system inflammation and exclusion of alternative diagnoses in addition to positive non-neurologic pathology showing evidence of sarcoidosis. Possible neurosarcoidosis: clinical presentation suggestive of neurosarcoidosis with exclusion of alternative diagnoses but without pathologic evidence of either neurologic or systemic sarcoidosis.
Additional diagnoses were broadly categorized as follows: neoplasia, demyelinating disease, neurodegenerative, vascular/ischemic, idiopathic chronic meningitis/meningoencephalitis, cranial neuropathies of uncertain etiology, parenchymal brain inflammatory lesion(s) of uncertain etiology, inflammatory myelopathy of uncertain etiology, inflammatory multifocal CNS disease (affecting both brain and spinal cord) of uncertain etiology, or other specific diagnosis (spondylosis, vasculitis, etc).
To determine whether the conjunctival biopsy was a main diagnostic indicator of neurosarcoidosis, additional scrutiny was given to those patients whose conjunctival biopsies were positive for non-necrotizing granulomatous inflammation consistent with sarcoidosis. Clinical circumstances surrounding the diagnosis were carefully reviewed, and additional investigations Algorithm of patient ascertainment such as prior chest and abdominal organ imaging, skin evaluation, and serum or CSF angiotensin-converting enzyme (ACE) level were documented.
Standard protocols approvals, registrations, and patient consents
This study was approved by the Mayo Foundation Institutional Review Board (IRB# 12-009819). All patients in our study had consented to the use of their medical records for future research purposes at the time of their clinical evaluation at Mayo Clinic.
Statistical analysis
Descriptive summaries were reported as median (minimum, maximum) for continuous variables and frequencies and percentages for categorical variables. Sensitivity, specificity, positive predictive value, and negative predictive value were estimated along with 95% exact binomial confidence interval (CI) using SAS version 9.3 (SAS Inc, Cary, NC). Most patients in this study did not have the gold standard diagnostic test for neurosarcoidosis (neural biopsy) available. However, when counting only patients with definite or probable diagnoses as true neurosarcoidosis (excluding possible cases), conjunctival biopsy was found to have a sensitivity of 19.6% (95% CI 9.4%-33.9%), a specificity of 99% (95% CI 97.4%-99.8%), a positive predictive value of 69.2% (95% CI 38.6%-90.9%), and a negative predictive value of 91.3% (95% CI 88.3%-93.8%).
RESULTS

Patient characteristics
Immunosuppressant therapy Concomitant use of immunosuppressive medications at the time of conjunctival biopsy was reviewed (table 1). Twenty-three patients did not have updated medication lists available at the time of biopsy. Of the 440 included patients, 125 (28%) were on immunosuppressive medications within 1 week prior to their conjunctival biopsy. Twenty-eight of the 60 patients (47%) with negative conjunctival biopsy and a final diagnosis of neurosarcoidosis were on an immunosuppressive medication within 1 week prior to their conjunctival biopsies. One of the 13 patients (8%) with positive conjunctival biopsy was on immunosuppressive medication at the time of biopsy.
A subset analysis was performed on the 292 patients with medication lists available who were not on immunosuppressant medications. Ten of these patients (3%) had positive biopsy. Eight patients (3%) had both positive conjunctival biopsy and a final clinical diagnosis of neurosarcoidosis (1 definite, 7 probable). Conjunctival biopsy was negative in 282 of these patients, of which 30 (11%) were ultimately diagnosed with neurosarcoidosis (9 definite, 13 probable, 8 possible).
Patients with positive conjunctival biopsy Regarding the 13 patients with a positive conjunctival biopsy (table 2), 8 were female, 5 were male, and their median age was 51 years (range 36-73). Nine patients with positive biopsy were diagnosed with neurosarcoidosis (1 definite, 8 probable). In 7 of these patients, conjunctival biopsy was the "non-neuro" pathologic finding that confirmed probable neurosarcoidosis, and in one case a mediastinal biopsy had been performed that confirmed systemic sarcoidosis (already by definition probable neurosarcoidosis). Brain biopsy was performed in 1 patient and confirmed definite neurosarcoidosis despite the findings of ocular sarcoidosis on conjunctival biopsy. Chest CT was interpreted to be consistent with pulmonary sarcoidosis in 9 of the 13 patients with positive conjunctival biopsy. None of the patients had conjunctival abnormalities or lesions on gross ocular inspection at the time of biopsy. Serum ACE was elevated in 5 of 13 cases, including all 4 patients found to have ocular sarcoidosis without neurosarcoidosis.
DISCUSSION
This study demonstrates the low utility of conjunctival biopsy as a diagnostic method for neurosarcoidosis in patients with unknown inflammatory nervous system disease. Only a small minority of patients with conjunctival biopsies were found to have ocular sarcoidosis. Of those patients with ocular sarcoidosis, some had other radiologic or pathologic findings of systemic sarcoidosis and some were found to have a cause for their neurologic disease other Conjunctival biopsy has been proposed as an easy, low-morbidity first procedure in the diagnosis of sarcoidosis, even in the absence of visible conjunctival lesions. 5, 9, 10 However, the diagnostic yield of conjunctival biopsy was very low in this consecutive series of patients in whom there was a clinical suspicion of neurosarcoidosis as the etiology of an inflammatory nervous system disease. Conjunctival biopsy may add diagnostic certainty to highly selected cases with a very high pretest probability of ocular sarcoidosis. A limitation of this study is that patients were not prospectively assigned as having high, low, or indeterminate pretest probability of having neurosarcoidosis. Further, it is possible that patients with a very high likelihood of neurosarcoidosis do not have a conjunctival biopsy in attempt to confirm this and therefore have been missed by this study design. The patients in this study did not have evidence of ocular sarcoidosis on gross inspection, and evaluation of this may assist in better patient selection. Although blind biopsy of conjunctival tissue may be of higher yield than alternative blind biopsy sites such as muscle or bone marrow, it is considered inferior to targeted biopsy sites of abnormal tissue. 7 The use of immunosuppressive therapy at the time of conjunctival biopsy may have reduced the diagnostic yield of ocular sarcoidosis observed in this study. While ongoing neurologic impairment was seen in these biopsied patients despite that concomitant therapy (almost half of the patients with a final diagnosis of neurosarcoidosis were on immunosuppressants at the time of their negative conjunctival biopsy), it is conceivable that ocular sarcoidosis is treatment-responsive and had resolved with the concomitant immunosuppressive therapy. Ocular sarcoidosis may have been identified pathologically in a greater number of patients with neurosarcoidosis if not confounded by the use of immunosuppressive therapy. The doses and types of immunosuppressant medications were very heterogeneous in this series of patients, and the effect of immunosuppressive medications on conjunctival biopsy results is not well-established. Biopsies from patients on immunosuppressant medications may have been altered by long-lasting medication effects, even if medications were stopped within 1 week of biopsy.
As in other tissues, the role of pathology in the diagnosis of ocular sarcoidosis is the identification of epithelioid granulomas with no or minimal necrosis and the performance of studies to exclude a potential infectious etiology. However, the finding of granulomas alone is not diagnostic of sarcoidosis. This diagnosis is best achieved when the clinical and radiologic findings are supported by the demonstration of microorganism-negative non-necrotizing granulomas in a biopsy specimen. 11 As approximately 90% of patients with neurosarcoidosis have other systemic features of sarcoidosis, comprehensive physical examination, ophthalmic evaluation, chest CT, and liver function tests should be performed. 18-Fluorodeoxyglucose PET scanning may assist in identifying potential biopsy sites, 12 and spinal cord hypermetabolism in patients with active Many patients had conjunctival biopsies without pathologic evidence of ocular sarcoidosis but were confirmed later to have definite, probable, or possible neurosarcoidosis. myelopathy due to sarcoidosis has been described. 13 Neurosarcoidosis is a complex disorder and requires a multifaceted approach to diagnosis. This study suggests that blind conjunctival biopsy has a low diagnostic yield for neurosarcoidosis in patients with inflammatory nervous system disease of unknown etiology, and a search for extraneural locations of active pathology is essential.
